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(57) ABSTRACT

The invention relates to a device (13) for constructing a lami-
nar body (5) from a plurality of superimposed layers of free-
flowing material, in particular particulate material, an a build
platform (6) within a working area (11). The layers are solidi-
fied in locally predetermined regions by the action of binders
and are joined together so that at least one molded body (4) is
formed by the solidified and joined regions of the layers. The
device comprises a discharging device (1) movable back and
forth over the working area (11) in at least one discharge
direction and having at least one discharge opening (14) from
which the free-flowing material can be discharged in indi-
vidual superimposed layers during the movement of the dis-
charging device (1). According to the invention at least one
body (8, 8a) defining the working area (11) in at least one
discharge direction of the discharging device (1) and the build
platform (6) are adjustable vertically relative to each other in
accordance with the specific progress with which the laminar
body (5) is being constructed, in such a manner that a surface
of the at least one body (8, 8a) facing the discharge opening
(14) is aligned flush with a laminar body (5) topmost layer
that is yet to be produced or has already been produced, in
order to dose the discharge opening (14) of the discharging
device (1) and prevent the discharging device from discharg-
ing free-flowing material or in order to discharge free-flowing
material not used for laminar construction into a collecting
container (7) when the discharge opening (14) is located
above the body (8, 8a).

20 Claims, 4 Drawing Sheets
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DEVICE AND METHOD FOR
CONSTRUCTING A LAMINAR BODY
COMPRISING AT LEAST ONE POSITION
ADJUSTABLE BODY DEFINING THE
WORKING AREA

BACKGROUND INFORMATION

The invention relates to a device and a method for con-
structing a layer body from a plurality of superimposed layers
of free-flowing material. In particular particulate material, on
a build platform within a build space, the layers being solidi-
fied and joined together in locally predetermined areas by the
action ofa tender so that at least one molding is formed fey the
solidified and joined areas of the layers, the device compris-
ing a discharging device which is movable back and forth over
the build space in at least one discharge direction and which
has at least one discharge opening from which the free-flow-
ing material is dischargeable in individual superimposed lay-
ers during the movement of the discharging device, according
to the definition of the species in the alternative independent
Patent Claims 1 and 12.

A computer-controlled method for producing three-dimen-
sional moldings is described in EP 0 431 924 B1. Free-
flowing particulate material is applied in a thin layer to a build
space which is surrounded, as appropriate, by container walls
and applied to a build platform, and a binder is selectively
printed thereon, using a print head, according to computer
data. The particle area onto which the binder is printed sticks
together and solidifies under the influence of the binder and,
if necessary, an additional hardener. The build platform is
then lowered by a distance of one layer thickness into a build
cylinder and provided with a new layer of particulate mate-
rial, which is also printed as described above.

These steps are repeated until the desired height of the
molding is achieved. A three-dimensional object is thus pro-
duced from the printed and solidified areas.

After it is completed, the molding produced from solidified
particulate material is embedded in loose particulate material
and is subsequently removed therefrom. This is done, for
example, using an extractor. This leaves the desired molding
from which the remaining adhering particles are removed, for
example by brushing.

Other powder-supported rapid prototyping processes work
in an identical or similar manner, for example, selective laser
sintering or electron beam sintering, in which a loose particu-
late material is also applied in layers and selectively solidified
with the aid of a controlled physical radiation source. The
aforementioned method is summarized under the term,
“three-dimensional printing” or “3D printing.”

However, the provision of a build container or build cylin-
der having a build platform which may be lowered vertically
into the build container requires a high degree of technical
complexity for sealing the build container wall against the
build platform to prevent uncontrolled outflow of the particu-
late material through the gap between the build platform and
the build container wall. Another disadvantage of a lowerable
build platform is the constantly increasing weight to be
moved on the build platform as the building process
progresses. In particular during application of another layer, it
may be necessary to lower the build platform by a distance of
more than one layer thickness and then to raise it again to the
dimension required in order to adjust the layer thickness with
sufficient accuracy.

In a reversing operation of this type, not only does the
entire weight of the power feedstock, including the build
platform, need to be overcome but also the friction forces
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between the power bed and the build container wall. This
results in high stresses on the guides and drives of a vertically
moving build platform, in particular in the case of large build
spaces and high feedstock densities.

In contrast, EP 1 872 928 A1 proposes to raise the discharg-
ing device and the print head relative to the build platform
instead of lowering the build platform relative to the discharg-
ing device and print head for building larger three-dimen-
sional moldings as the layering process progresses. This pub-
lication furthermore proposes to construct solid walls made
of particulate material by solidifying the edge areas of the
applied particulate material and by forming, from these walls,
abuild space-delimiting build container in whose inner cham-
ber moldings of a selective size and shape may be con-
structed. It is alternatively proposed to construct moldings on
the build space in a free-standing manner without using a
build container for encompassing and supporting previously
applied layers. For this purpose, the discharging device is
designed as a dosing device which may undergo controlled
activation and deactivation for the controlled output of a
predetermined, preferably constant, linear volume flow of
particulate material per length unit and per time unit, so that
particulate material is not unnecessarily strewn around the
molding to be built or is not “emptied” prematurely and thus
does not lose its function while the layer is being deposited.
However, such dosing-controlled and “intelligent” discharg-
ing devices have a relatively complex structure and are cor-
respondingly expensive.

“Unintelligent” discharging devices of a simpler design, on
the other hand, are unable to selectively dose particulate
material or are not switchable. For example, they include a
scraper moving in the discharge direction or a counter-rotat-
ing roller or an oscillating blade.

These devices then distribute a quantity of material in front
of the discharging device on the build space in the discharge
direction. The amount of particulate material then has to be
sufficiently measured before the discharging device travels
over the build space.

Other design shapes may guide a quantity of material in
two directions around the surface to be coated. These include
discharging devices which comprise a simple, elongated hop-
per which has a slot on the underside as the discharge opening
for discharging particulate material. In another embodiment,
at least one of the two hopper walls, for example, is replaced
by a counter-rotating roller.

In order for the process to progress as described, the dis-
charging device must pass completely over the area to be
coated. However, a discharging device according to the afore-
mentioned, simple and “unintelligent” design, loses a remain-
ing quantity of material in front of the discharging device in
the discharge direction once the edge of the build space has
been reached. This quantity of material would then be
unavailable for the remaining building process. Nevertheless,
it would be desirable to return this lost material to the dis-
charging device for further layering.

A possibility for largely avoiding lost material is known for
example, from U.S. 2005/0230185 A. In this publication, the
quality of particulate material in the discharging device is
predetermined by a sensor system.

The discharging device carries along a predetermined
material quantity which is sufficient for coating the desired
surface without producing too many waste particles after
passing over the edge of the build space. In this case, however,
the quantity must be very precisely determined to avoid too
small a dosing in each cases, which would result in insuffi-
cient layering. The continuous decrease in the quantity of
material in the discharging device during travel has proven to



US 9,242,413 B2

3

be another disadvantage of this method, resulting in an
unsteady coating process. This may cause the feedstock den-
sity to be greater at the beginning of discharging device travel
than at the end of the travel, due to the greater weight of the
material, when a residual amount is left over in the discharg-
ing device.

In contrast, the object of the invention is to refine a method
and a device of the aforementioned type in such a way that a
variable and coating material-saving adjustment of the build
space size is possible while simultaneously maintaining high
coating quality, despite a simple and cost-effective design of
the discharging device.

SUMMARY OF THE INVENTION

The invention is based on the idea that no free-flowing
material or particulate material may flow out or be discharged
through the discharge opening of a non-switchable discharg-
ing device, i.e., an “unintelligent” discharging device which
has no way to turn the material flow through the discharge
opening on and off, when the discharge opening is closed by
a body which is located on an appropriate level and over
which the discharging device passes.

A body of this type then simulates an already discharged
layer of free-flowing material, which prevents further dis-
charge of material when this layer reaches the same level as
the discharge opening of the discharging device. In this case,
after all, the discharge opening has already been closed by the
already discharged layer.

By designing the body or the build platform to be able to
change at least the vertical position of the body in relation to
the build platform, the size of the build space may be easily
limited by the body without requiring a build container which
is laboriously adjusted to the particular size of the build space.
When the discharging device with its discharge opening
comes into contact with the surface of the body, which is
suitably placed on the edge of the build space in the vertical
direction, the body closes the discharge opening, whereby no
more free-flowing material is dischargeable at the edge of the
build space.

Alternatively or additionally, the body is designed in such
a way that it does not close the discharge opening but instead
has means such as an opening to be controllably opened or
closed, for example, for the purpose of discharging or con-
ducting free-flowing material that is not used for layering
from the discharge opening into a collecting container, so that
it may be fed back into the layering process.

According to the invention, it is therefore proposed that at
least one body delimiting the build space in at least one
discharge direction of the discharging device and the build
platform are vertically adjustable relative to each other
according to the particular progress with which the layer body
is being constructed, in such a way that a surface of the body
facing the discharge opening is aligned flush with a topmost
layer of the layer body which is yet to be produced or has
already been produced, in order to close the discharge open-
ing of discharging device and to prevent the discharging
device from discharging free-flowing material or to discharge
free-flowing material not used for layering into a collecting
container when the discharge opening is located above the
body.

Itis advantageous that, even when using an “unintelligent,”
non-switchable, non-dosing and only displacement-con-
trolled discharging device, it is possible to discharge free-
flowing material only within the build space delimited by the
body and to avoid, in particular, discharging material in the
area of the build platform located outside the build space. As
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aresult, itis not necessary to remove residual material located
outside the build space, which has a positive effect on the
costs. The option of using an “unintelligent,” non-switchable,
non-dosing and only displacement-controlled discharging
device in connection with the invention also helps lower costs
because a discharging device of this type is much more cost-
effective than an “intelligent” discharging device. An only
displacement-controlled and “unintelligent” discharging
device is understood to be a discharging device which travels
a certain computers-controlled discharge route, for example
from a starting position to a reversing position, and which
discharges or permits the outflow of free-flowing material
along this discharge route and through the always open dis-
charge opening onto the build space. In particular, the dis-
charging device does not have any means of closing the
discharge opening or, for instance, dosing the quantity of
free-flowing material to be discharged, depending on the
traveling distance.

Advantageous refinements of and improvements to the
invention specified in the independent claims are made pos-
sible by the measures discussed in the dependent claims.

It is particularly advantageous if the at least one body is
designed to foe adjustable within a horizontal plane parallel
to the build platform for the purpose of variably delimiting the
build space. The areal extension of the build space may then
be delimited by the at least one body, in particular if one body
is disposed in one discharge direction of the discharging
device (e.g., the X direction) and another body is displayed in
a discharge direction perpendicular thereto (e.g., theY direc-
tion) in order to achieve a delimited build space in both
directions.

This ensures that a discharge of free-flowing material,
beyond the edges of the build space no longer occurs in both
directions.

As mentioned above, the discharging device is preferably
an “unintelligent” discharging device and only displacement-
controlled with regard to a predefined discharge distance
extending from a starting position at one edge of the build
space to a reversing position at the opposite edge of the build
space. This additionally lowers costs.

The reversing position may be predefined by the particular
position of the at least one body, and the starting position is
stationary. In this case, the coating operation is started from a
stationary starting position, and the reversing position is
defined as a function of the position of the at least one body on
the horizontal plane.

Conversely, however, the starting position may be pre-
defined by the particular position of the at least one body, and
the reversing position is stationary. In this case, the coating
operation is started from the at least one body and its direction
is reversed at the stationary reversing position. In both cases,
the length of the discharge route to be traveled by the dis-
charging device and thus the extension of the build space in
this direction depends on the position of the at least one body.

The starting position of the discharging device, i.e., the
place from which the discharging operation is started, is par-
ticularly preferably a filling position in which the discharging
device may be filled or refilled with free-flowing material by
means of a filling device. Depending on whether the starting
position is or is not dependent on the position of the at least
one body, the position of the filling device on a horizontal
plane parallel to the build platform is therefore also dependent
on the position of the body. The filling device is then posi-
tioned, for example, above the discharging device.

The container for collecting excess material is disposed,
for example, at the reversing position or at the starting posi-
tion. One body may then be disposed at the starting position
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and at least one other body may be disposed at the reversing
position, means being provided in the one body or in the other
body for introducing free-flowing material into the collecting
container or for conducting it thereto. The one body closing
the discharge opening of the discharging device is then used
to prevent a discharge of free-flowing material at the edge of
the build space, while the purpose of the other body on the
opposite edge of the build space is to introduce excess, i.e.,
unused, free-flowing material into the collecting container, so
that it may be supplied for reuse in the layering process.

The at least one body is preferably a flat, plate-shaped
body, for example a metal plate with or without a through-
opening, depending on whether it is to prevent a discharge
from the discharge opening of the discharging device or
whether it is to discharge material into the collecting con-
tainer.

It is therefore particularly preferable to design the build
platform to be adjustable vertically relative to the body and
discharging device and to design the body and the discharging
device to be adjustable horizontally relative to the build plat-
form, in order to flexibly adapt the build space to the particu-
larly requirements and, in particular, to the particular molding
to be constructed, while minimizing the loss of free-flowing
material.

The invention additionally relates to a method for con-
structing a layer body from a plurality of superimposed layers
of free-flowing material on a build platform within a build
space.

Additional measures which improve the invention are
illustrated in greater detail below together with the descrip-
tion of one exemplary embodiment of the invention on the
basis of the drawing.

BRIEF DESCRIPTION OF THE DRAWING

Exemplary embodiments of the invention are illustrated
below in the drawing and explained in greater detail in the
following description. In the drawing,

FIG. 1 shows atop view of a device for producing moldings
with different build space sizes on a build platform;

FIGS. 2a through 2d show a schematic cross-sectional
view of a device for producing moldings according to one
preferred embodiment of the invention;

FIGS. 3a through 3g show a schematic cross-sectional
view of another embodiment of the invention;

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a preferred embodiment of a device 13 for
constructing a layer body 5 from a plurality of superimposed
layers of, for example, powdered, initially loose, particulate
material on a build platform 6 within a build space 11a
through 114.

Build spaces 114 through 114 of different sizes illustrated
in FIG. 1 extend over a wide area in FIG. 1 parallel to build
platform 8 in the horizontal X andY directions, layer body 5
being constructed in the vertical Z direction, which is perpen-
dicular to the drawing plane in FIG. 1.

Device 13 comprises a discharging device 1 which is mov-
able back and forth over build space 11a through 11d in at
least one discharge direction, in this case, for example, in the
X direction and/or the Y direction, discharging device 1 hav-
ing at least one discharge opening 14, which is not visible in
this view and from which the particulate material, may be
discharged in individual superimposed layers during the
movement of discharging device 1.
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Discharging device 1 is preferably a non-switchable dis-
charging device, i.e., without the option of turning the mate-
rial flow through discharge opening 14 on and off, so that
free-flowing material or particulate material may or may not
flow out. Instead, particulate material continuously flows
through discharge opening 14 in discharging device 1 unless
discharge opening 14 is closed by means belonging to dis-
charging device 1 or if no (more) particulate material is
present in a reservoir of discharging device 1.

Device 13 furthermore comprises a print head 2 which is
moveable back and forth over build space 11, for example, in
the X and V directions for the selective application of binder
onto at least one discharged layer in order to solidify and join
together discharged layers in locally predetermined areas of
build space 11a through 11d by the action of binders, so that
at least one molding 4 is formed by the solidified and joined
areas of the layers of layer body 5 in a known manner.

Alternatively, print head 2 could be replaced with a radia-
tion source if the discharged, free-flowing material already
contains a binder which is then hardened by selective irradia-
tion with the radiation source for the purpose of creating
molding 4. Or the free-flowing material itself is fused or
slightly melted by the irradiation and joined thereby.

The extension of build space 11a through 114 in the X and
Y directions is predefined by the application of material to
build platform 6, different sizes of build spaces 11a through
11d being illustrated in FIG. 1. If build space 11a through 114
is described in the illustrated orthogonal coordinate system 9,
each extension or size of build spaces 11a through 114 may be
displayed as a rectangle, starting from origin 10. The dimen-
sions of build platform 6 in the X and Y directions then
correspond to a maximum displayable size of one build space
11a.

One rectangular side of a build space 11 of this type is
generally determined, for example, by the discharge route or
discharge travel of discharging device 1 in discharge direction
X, so that, in the present case, the size of the build space is
dependent on the length of this discharge route. Based on the
example in FIG. 1, the discharge route of discharging device
1 thus increases from 11d to 11a in the X direction.

The other rectangular side of a build space 11a through 114
is determined, for example, by the width of discharge opening
14 of discharging device 1 in the Y direction, which may be
formed in particular, by a an elongated slot. In the present
case, different lengths of discharge openings 14 of discharg-
ing device 1 are provided to obtain the variable-length rect-
angular side of build spaces 11a through 114 in the Y direc-
tion. In the present case, therefore, one layer of layer body 5
may, on the whole, be completely produced in one pass of the
discharge route in the X direction.

Only one rectangular side of a build field 11 is visible in the
cross-sectional side representation in FIGS. 2a through 2d
and 3a through 3g. In these illustrations, the edges of build
space 11 are preferably formed by printed walls 3 in the X and
Y directions, i.e., the particulate material is selectively solidi-
fied here by print head 2 so that loose particulate material of
layer body 5 located within the edges of build space 11 is hot
able to flow off in areas outside build space 11. For this
purpose print, head 2 suitably prints, the edge areas of each
discharged layer. Alternatively, however, a separate build
container or separate build walls could be used to delimit
build space 11.

In the embodiments illustrated herein, build platform 6 is
preferably lowered as the height of layer body 5 increases in
the Z direction, in particular using drives and guides which
are not illustrated. Discharging device 1 therefore remains on
its initial level for each new layer to be discharged and is
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therefore movable relative to build platform 6, for example
only in the X direction and/or the Y direction. Alternatively,
build platform 6 could, be designed to be stationary, and at
least discharging device 1 could be designed to be movable
relative to stationary build platform 6 in both the X and Y
directions as well as the Z direction.

In the specific embodiments in FIGS. 2a through 24 and 3a
through 3g, build platform 6 is vertically adjustable relative
to, for example, two bodies 8, 8a delimiting the build space in
discharge direction X of the discharging device according to
the particular progression of construction, in such a way that
surfaces of bodies Bf 8a facing discharge opening 14 of
discharging device 1 are aligned flush with a topmost layer of
layer body 5 yet to be produced or already produced.

The purpose of the two bodies 8, 84 is to close discharge
opening 14 of discharging device 1 and to prevent discharging
device 1 from discharging free-flowing material (body 8) orto
discharge free-flowing material that is not used for layering
into a collecting container 7 (body 8a) when discharge open-
ing 14 of discharging device 1 is located above particular
body 8, 8a.

At least one of bodies 8, 84, in this case preferably body 8,
is designed to be adjustable within a horizontal plane parallel
to build platform 6 and, in particular, in the X direction, for the
purpose of variably delimiting build space 11. The areal
extension of build space 11 is then delimited by body 8 at least
in the X direction, in particular when the position of body 8 is
designed to be movable in discharge direction X of discharg-
ing device 1.

Build platform 6 is therefore particularly preferably
designed to be adjustable relative to bodies 8, 8a, discharging
device 1 and print head 2 in the vertical Z direction, and body
8, discharging device 1 and print head 2 are designed to be
movable relative to build platform 6 in the horizontal X direc-
tion. The position of body 8 is adjusted in the X direction in
order to flexibly adapt build space 11 to the particular require-
ments and, in particular, to the one or more moldings 4 to be
constructed, while minimizing losses of free-flowing mate-
rial.

The two bodies 8, 8a are consequently always on the same
level in the Z direction, in particular through attachment to or
guidance on a stationary frame of device 13, which is not
illustrated herein, while build platform 6 is being lowered as
the construction of layer body 5 continues to progress.

Bodies 8, 8a are preferably flat, plate-shaped bodies, for
example metal plates with and without through-openings 12,
depending on whether the particular body 8 or 8a is to prevent
material from being discharged from discharge opening 14 of
discharging device 1 or to permit or cause material to be
discharged into collecting container 7. Body 8a is therefore
preferably formed by a perforated plate having at least one
through-opening 12. Body 8a may furthermore also comprise
means for conducting particulate material into collecting con-
tainer 7. Not least, at least one through-opening 12 of body 8a
may be controllable, i.e., the at least one through-opening 12
may be opened or closed as a function of external electrical,
pneumatic and/or mechanical control signals in order to dis-
charge or conduct free-flowing material not used for layering
from discharge opening 14 info collecting container 7 for the
purpose of returning it to the layering process.

As indicated above, discharging device 1 is displacement-
controlled, for example, by an electronic control unit, which
is not illustrated here, with regard to a predefined discharge
route in the X direction, extending from an initial, starting or
idle position 14 at one edge of build space 11 to a reversing
position 16 at the opposite edge of build space 11; i.e., in
response to a starting command, it first moves from its starting
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or idle position 14 in the X direction to reversing position 16,
atwhich the direction of movement is automatically reversed,
if necessary upon expiry of a certain dwell time at reversing
position 16.

During the movement of discharging device 1 along the
discharge route, which simultaneously forms the length of the
rectangular side of build space 11 visible herein, particulate
material is preferably continuously applied to build platform
6 or to a previously layered part of layer body 5 via discharge
opening 14.

Prior to this, discharging device 1, which in this case is, for
example, a discharging hopper of a filling device which is not
illustrated herein but is easy to picture, is preferably filled
with a quantity of particulate material corresponding to a
multiple of layers to be applied.

According to the embodiment in FIGS. 2a through 24,
starting position 15 is predefined by the position of body 8
adjustable in the X direction, while reversing position 16, at
which body 8a is located, is stationary. In this case, the
coating operation is started from the particular set position of
body 8, body 8 closing discharge opening 14 of discharging
device 1 precisely at starting position 15 and preventing par-
ticulate material from being discharged, as is easily pictured
on the basis of FIG. 2a. Only after discharging device 1 has
moved a distance from body 8 is free space the height or
thickness of one layer provided below discharge opening 14,
into which particulate material may be discharged to form a
single layer. Specifically, the following method steps are car-
ried out in the embodiment in FIGS. 2a through 2d;

Build platform 6 is first positioned in the vertical direction
relative to bodies 8 and 84, to discharging device 1 and to print
head 2, in such a way that the surfaces of body 8, 84 facing
discharge opening 14, discharge opening 14 of discharging
device 1 and print head 2 are disposed higher than the current
topmost layer of layer body 5 by a distance of one layer
thickness.

When discharging device 1 is located in its starting position
right above body 8, its discharge opening 14 is closed by body
8, as is easily pictured on the basis of FIG. 2a. Print head 2 is
then preferably located on the far side of opposite reversing
position 16 of discharging device 1, i.e., outside build space
11, in order to avoid colliding later on with discharging device
1 once it has reached reversing position 16.

Atthe same time or thereafter, discharging device 1 is filled
with free-flowing material at starting position 15 in a quantity
sufficient to produce, for example, a single layer of layer body
5. The filling device, which is not illustrated herein, is then
positioned, for example, above discharging device 1.

The control unit then activates discharging device 1 so that
it moves from starting position 15 to reversing position 16
while discharging particulate material to construct one layer.
This situation is illustrated in FIG. 2a.

When discharging device 1 has reached body 8a at revers-
ing position 16, discharge opening 14 is located right above
opened through-opening 12 in body 8a, so that any excess
particulate material still remaining in discharging device 1 for
producing a layer is able to flow into collecting container 7,
which is disposed, for example, below through-opening 12 in
body 8a. The control unit then returns emptied discharging
device 1 to its starting position 15, whereby it is followed by
print head 2 in order to provide or print binder onto a locally
predetermined area of the discharged layer. Since discharging
device 1 is empty during this movement, i.e., it is moved
without particulate material, an unwanted application of par-
ticulate material to layer body 5 is avoided. This operation is
illustrated in FIG. 2¢.



US 9,242,413 B2

9

Once discharging device 1 has reached starting position 15,
it is refilled with particulate material for one layer, and the
described cycle begins all over again (FIG. 2d). The cycle
according to FIGS. 2a through 24 are repeated until the entire
layer body 5 is created. Print head 2 also prints the areas that
represent walls 3 of layer body 5.

In the specific embodiment illustrated in FIGS. 3a through
3g, in contrast to the specific embodiment in FIGS. 2a
through 2d, reversing position 16 is determined by the posi-
tion of body 8 set in the X direction, and starting position 25,
where body 8a is located, is stationary. In this case, the
coating operation is started at a stationary starting position 15,
and reversing position 16 is defined depending on the position
of body 8 in the X direction.

Specifically, the following method steps are carried out in
the embodiment in FIGS. 34 through 3g:

Build platform 6 is first positioned vertically (in the Z
direction) relative to bodies 8, 84, to discharging device 1 and
to print head 2, in such a way that, on the one hand, the
surfaces of body 8, 8a facing discharge opening 14 and, on the
other hand, discharge opening 14 are disposed higher than the
current topmost layer of layer body 5 by a distance of one
layer thickness. Body 8a, which has the at least one through-
opening 12, and collecting container 7 located thereunder are
positioned at starting position 15, and body 8, which does not
have a through-opening 12 of this type, is positioned at revers-
ing position 16.

To prevent particulate material from flowing through
through-opening 12 in body 8« into collecting container 7 in
starting position 15, discharging device 1 is filled by a filling
device, which is not illustrated herein, for example in a posi-
tion located a short distance from starting position 15 inthe X
direction, in which a part of body 84 facing build space 11 is
able to close discharge opening 14 in discharging device 1, as
shown in FIG. 3g. Discharging device 1 is filled with particu-
late material for producing, for example, two layers of layer
body 5.

Printhead 2 is located in the starting position, preferable on
the near side of body 8a, so that it does not collide with
discharging device 1. Discharging device 1 is then activated
by the control unit in order to move from starting position 15
to reversing position 16 for the purpose of discharging par-
ticulate material in this matter to construct a layer (FIG. 3a).
Once reversing position 16 at the edge of build space 11 has
been reached, body 8 closes discharge opening 14 in dis-
charging device 1. Print head 2 is subsequently activated by
the control unit in order to print binder onto a locally deter-
mined area of the discharged layer as well as the areas that
form walls 3 of layer body 5 (FIG. 3b). Afterwards, print head
2 returns to its starting position.

Once a layer has been discharged and selectively printed,
build platform 6 is lowered by a distance of one layer height
or one layer thickness so that the surfaces of bodies 8 and 8a
facing discharge opening 14, discharge opening 14 of dis-
charging device 1 and print head 2 are again disposed higher
than the current topmost layer of layer body 5 by a distance of
one layer thickness.

Discharging device 1 is then activated by the control unit in
order to move from reversing position 16 back to starting
position 15 while discharging particulate material for con-
structing another layer, as illustrated in FIG. 3c.

After starting position 15 is reached, any particulate mate-
rial that is not used for the two discharged layers may flow
through the at least one through-opening 12 of body 8a into
collecting container 7 (FIG. 34d).

Print head 2 is subsequently activated so that it prints
binder onto the areas of molding 4 and walls 3 of the addi-
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tional discharged layer. Emptied discharging device 1 may
then move in front of print head 2, as shown in FIG. 3e.

According to FIG. 3f, discharging device 1 and print head
2 are moved back to their starting position 15 after the printing
operation, build platform 6 preferably being simultaneously
lowered by a distance of one layer height or one layer thick-
ness for the purpose of making space in the vertical direction
for a subsequent layering operation.

After discharging device 1 has been refilled with particu-
late material in the position according to FIG. 3g, the
described cycle begins all over again and is repeated until
complete layer body 5 is created. Finally, loose particulate
material is removed from the layer body in the unprinted
areas, leaving molding 4 behind.

Instead of lowering build platform 6 vertically relative to
bodies 8, 84, to discharging device 1 and to print head 2 as the
construction continues to progress, bodies 8, 8a, discharging
device 1 and the print head could, of course, also be designed
to be movable relative to a stationary build platform 6 in the
vertical 2 direction, according to another embodiment,

LIST OF REFERENCE NUMERALS

1 Discharging device

2 Print head

3 Printed wall

4 Holding

5 Loose particulate material

6 Build platform

7 Collecting container

8 Body

8a Body

9 Coordinate system

10 Coordinate origin

11 Build space

12 Through-opening

13 Device

14 Discharge opening

15 Starting position

16 Reversing position

What is claimed is:

1. A device for constructing a layered body from a plurality
of superimposed layers of free-flowing material, on a build
platform within a build space, the layers being solidified and
joined together in locally predetermined areas by the action of
a binder, so that at least one molding is formed by the solidi-
fied and joined areas of the layers, the device comprising:

a discharging device movable back and forth over the build
space in at least one horizontal direction and having at
least one discharge opening for discharging the free-
flowing material in individual superimposed layers dur-
ing the movement of the discharging device,

wherein at least one body delimiting the build space in at
least one horizontal direction and the build platform are
adjustable vertically relative to each other in such a way
that a surface of the at least one body facing the dis-
charge opening is aligned flush with a topmost layer of
the layer body yet to be produced or already produced, in
order to close the discharge opening of the discharging
device and to prevent the discharging device from dis-
charging free-flowing material or to discharge free-
flowing material that is not used for layering into a
collecting container when the discharge opening is
located above the body,

wherein the at least one body is designed to be adjustable
parallel to the build platform to variably delimit the build
space within a horizontal plane.
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2. The device according to claim 1, wherein the discharging
device is displacement-controlled with regard to a discharge
route extending from a starting position at one edge of the
build space to a reversing position at an opposite edge of the
build space.

3. The device according to claim 2, wherein the reversing
position is predefined by the particular position of the at least
one body, and the starting position is stationary.

4. The device according to claim 2, wherein the starting
position is predefined by the particular position of the at least
one body, and the reversing position is stationary.

5. The device according to claim 2, wherein the device
includes a filling device and the starting position is a filling
position at which the discharging device is fillable or refill-
able with free-flowing material by means of the filling device.

6. The device according to claim 1, wherein a print head
which is movable back and forth over the build space is
provided for selectively applying the binder to at least one
discharged layer;

wherein the at least one body is a flat, plate-shaped body

with or without a through-opening; and

wherein the collecting container is disposed at the revers-

ing position or at the starting position for the free-flow-
ing material.

7. The device according to claim 6, wherein at least one
body is disposed at the starting position and at least one other
body is disposed at the reversing position, means being pro-
vided in the one body or in the ether body for introducing or
conducting free-flowing material into the collecting con-
tainer.

8. A device for constructing a layered body from a plurality
of superimposed layers of free-flow no material, on a build
platform within a build space, the layers being solidified and
joined together in locally predetermined areas by the action of
a binder, so that at least one molding is formed by the solidi-
fied and joined areas of the layers, the device comprising:

adischarging device movable back and forth over the build

space in at least one horizontal direction and having at
least one discharge opening for discharging the free-
flowing material in individual superimposed layers dur-
ing the movement of the discharging device,

wherein at least one body delimiting the build space in at

least one horizontal direction and the build platform are
adjustable vertically relative to each other in such a way
that a surface of the at least one body facing the dis-
charge opening is aligned flush with a topmost layer of
the layer body yet to be produced or already produced, in
order to close the discharge opening of the discharging
device and to prevent the discharging device from dis-
charging free-flowing material or to discharge free-
flowing material that is not used for layering into a
collecting container when the discharge opening is
located above the body,
wherein the build platform is designed to be adjustable ver-
tically relative to the at least one body and the discharging
device, and the at least one body and the discharging device
are designed to be adjustable horizontally relative to the build
platform.

9. A method for constructing a layered body from a plural-
ity of superimposed layers of free-flowing material, on a build
platform (6) within a build space, the layers being solidified
and joined together in locally predetermined areas by the
action ofa binder, so that at least one molding is formed by the
solidified and joined areas of the layers, a discharging device
being movable back and forth over the build space in at least
one discharge direction and having at least one discharge
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opening from which the free-flowing material is discharged in
individual superimposed layers during the movement of the
discharging device,

wherein at least one body delimiting the build space in at
least one discharge direction of the discharging device
and the build platform are adjusted vertically relative to
each other as the construction of the layer body
progresses, insuch a way that a surface of the at least one
body facing the discharge opening is aligned flush with
a topmost layer of the layer body yet to be produced or
already produced, in order to close the discharge open-
ing of the discharging device and to prevent the dis-
charging device from discharging free-flowing material
or to collect free-flowing material that is not used for
layering when the discharge opening is located above
the at least one body; wherein the at least one body is
adjusted to variably delimit the build space within a
horizontal plane parallel to the build platform.

10. The method according to claim 9, wherein the discharg-
ing device is displacement-controlled with regard to a dis-
charge route extending from a starting position at one edge of
the build space to a reversing position at an opposite edge of
the build space.

11. The method according to claim 10, wherein the dis-
charging device is filled with a quantity of free-flowing mate-
rial which corresponds to an integral multiple of the quantity
of free-flowing material that is needed for constructing an
entire layer of the layer body.

12. The method according to claim 11, wherein the revers-
ing position of the discharging device is predefined by the
particular position of the at least one body on the horizontal
plane, and the starting position is stationary.

13. The method according to claim 12, wherein the method
includes the following steps:

a) positioning the at least one body, the discharging device
and the build platform vertically relative to each other in
such a way that, on the one hand, the surface of the at
least one body facing the discharge opening and, on the
other hand, the discharge opening are disposed higher
than the currently topmost layer of the layer body by a
distance of one layer thickness;

b) filling or refilling the discharging device with free-flow-
ing material at the starting position for producing at least
two layers of the layer body;

¢) moving the discharging device from the starting position
to the reversing position while discharging free-flowing
material for constructing a layer;

d) providing a locally predetermined area of at least the
discharged layer with binder;

e) positioning the at least one body, the discharging device
and the build platform vertically relative to each other in
such a way that, on the one hand, the surface of the at
least one body facing the discharge opening and, on the
other hand, the discharge opening of the discharging
device are disposed higher than the currently topmost
layer of the layer body by a distance of one layer thick-
ness;

f) moving the discharging device from the reversing posi-
tion to the starting position while discharging free-flow-
ing material for constructing another layer;

g) collecting any unused free-flowing material at the start-
ing position;

h) providing a locally predetermined area of the additional
discharged layer with binder;

i) repeating steps a) through h) until the layer body is
completely created.
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14. The method according to claim 10, wherein the starting
position is predefined by the particular position of the at least
one body on the horizontal plane, and the reversing position is
stationary.

15. The method according to claim 14, wherein the method
includes the following steps:

a) positioning the at least one body, the discharging device
and the build platform vertically relative to each other in
such a way that, on the one hand, the surface of the at
least one body facing the discharge opening and, on the
other hand, the discharge opening of the discharging
device are disposed higher than the currently topmost
layer of the layer body by a distance of one layer thick-
ness;

b) filling or refilling the discharging device with free-flow-
ing material at the starting position for producing at least
one layer of the layer body;

¢) moving the discharging device from the starting position
to the reversing position while discharging free-flowing
material for constructing a layer;

d) collecting any unused free-flowing material at the
reversing position;
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e) providing a locally predetermined area of the discharged

layer with binder;

f) moving the emptied discharging device from the revers-

ing position to the starting position;

g) repeating steps a) through f) until the layer body (5) is

completely created.

16. The method according to claim 10, wherein the starting
position is a filling position at which the discharging device is
fillable or refillable with free-flowing material.

17. The method according to claim 10, wherein the collec-
tion of excess free-flowing material takes place at the revers-
ing position or at the starting position.

18. The method according to claim 10, wherein the build
platform is moved vertically relative to the at least one body
and the discharging device, and the at least one body and the
discharging device are moved horizontally relative to the
build platform.

19. The method of claim 9, wherein the method includes
building a boundary wall adjacent to the at least one body.

20. The method of claim 19, wherein the step of building
the boundary wall includes selectively printing binder mate-
rial adjacent the at least one body.

#* #* #* #* #*
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